Potomac horse fever was reproduced in 15 ponies by transfusion of whole blood originally from two natural cases and subsequently from ponies infected by the transfusions. Incubation periods vaned from 9 to 15 days. Affected ponies developed varying degrees of fever, diarrhea, anorexia, depression, and leukopenia.
A clinical disease characterized by fever, depression, diarrhea, and leukopenia has occurred each summer since the late 1970's in horses in Maryland and Virginia in the vicinity of the Potomac River. The disease is popularly known in the region as Potomac horse fever (PHF) or as acute equine diarrhea syndrome. Clinical features of the natural disease have been r e p~r t e d .~~'~ The disease occurs seasonally, usually between early June and late September each year. In the initial stages of the disease, fever ranges from 101 to 107 F (33.3 to 44.6 C), and is accompanied by depressed demeanor and decreased food intake. Fecal consistency changes, in most cases, first to a soft mass resembling bovine feces. In a proportion of affected horses, it then attains a watery consistency within 1 to 3 days. There is a temporary decline in the numbers of circulating leukocytes to less than 4,00O/ml. Several days after the acute phase of the disease about 30% of affected animals exhibit other signs including colic, subcutaneous edema of the legs and ventral abdomen, and laminitis. Approximately 25% of clinically affected horses either die or are hlled for humane reasons.
Gross lesions reported from field cases included ulceration of the glandular and pyloric regions of the stomach, patchy congestion of the duodenum, focal areas of congestion in the cecum, anterior and midcolon, and watery contents in these organs. Vesicles are sometimes seen on the oral mucosa. 6 An epidemiological study reported that the disease was infectious, but not contagious.8 Subsequent clinical and field observations have confirmed this finding (unpublished data). An agent resembling a coronavirus was isolated from affected h o r s e~,~ but it did not cause the disease when inoculated into ponies.6 In another study, horses recovered from the disease were found to have serum antibodies to Ehrlichia s e n n e t s~.~ In 1983 the disease was transmitted by transfusions of whole blood from affected horses into poniesL4 (Dr. A. L. Jenny, personal communication). In 1984, whole blood was transfused from two field cases into two ponies. Potomac horse fever was reproduced and, by electron microscopy, rickettsia1 organisms with the morphology of the genus Ehrlichia were seen within cells in the wall of the large co10n.11J2 These organisms were subsequently cultured in human histiocytes using infected leukocytes harvested from horses in the early stage of the disease.ln Another report4 also described the isolation of the Ehrlichia sp. from an experimentally infected horse and its cultivation in equine and canine monocyte cultures. Subsequently, organisms derived from cell culture were inoculated into ponies and produced the disea~e.~.~.' Some ponies used in this study were the subjects of previous reports.ln-13 This report describes the pathology of the acute stage of the disease in 15 ponies infected using whole blood transfusions.
Materials and Methods
The 15 ponies were of mixed breed, sex, and age and originated from rural environments. Because it was the intention to study tissue changes in the acute phase of the disease to avoid as far as possible complicating change due to secondary effects, ponies were killed within the first 4 days of clinical disease.
Approximately 350 ml ofwhole blood was taken into sterile collecting bags containing citrate phosphate dextrose anticoagulant solution USP (Ferrwall Labs, Deerfield, IL) from each of two field cases (A and B) in the acute stage of Potomac horse fever in early August 1983 in Maryland. Case A died 3 days later, and case B made a clinical recovery.
To reproduce the clinical disease, ponies were used as re- other figures represent liquid feces. Cases A and B were horses with the natural disease. They were donors for ponies 1 and 2. In turn ponies 1 and 2 became donors for ponies 3 and 4, they in turn became donors for ponies 5 and 6, respectively, and so on. cipients of whole blood from others in the acute phase of the disease. Clinically normal ponies of mixed breed, sex, and age were obtained from local sources in southwestern Virginia. They were acclimatized for 3 to 21 days, initially fed pasture and hay until transfused with infected blood, at which time they were accommodated individually in pens screened to exclude arthropods. Anthelmintic or antibiotic treatments were not administered prior to transfusion. The ponies were fed a daily diet of good quality hay when housed.
Whole blood obtained from field cases A and B was cooled with ice packs and transported 250 miles to an infectious disease transmission facility. Each sample was inoculated 24 to 26 hours after collection into two separate recipient ponies. Each received in excess of 250 ml of whole blood. Following the incubation period and expression of clinical disease, these recipient ponies became donors of infected blood for the subsequent recipient pony in the series. Blood for transfusion was collected when the subject exhibited early stages of depression, fever, anorexia, leukopenia, and diarrhea. Recipients were transfused immediately.
Observations were made at least once a day prior to and following transfusion. Records were kept each day of rectal temperature, heart rate, respiratory rate, abdominal sounds, fecal consistency, food consumption, and demeanor of the animal. Blood samples were collected daily using ethylenediamine tetraacetic acid as an anticoagulant for complete blood cell count, and a clotted blood sample was obtained for serology.
Ten ponies were killed with T61 euthanasia solution (American Hoechst Corp., Sommerville, NJ) within the first 4 days of acute clinical disease. Routine necropsy examination was made immediately after death. The stomach and intestines were examined first. Photographs were taken of the luminal surface of the intestines after removal of feces. Samples selected for light microscopy were fixed in 10% neutral buffered formalin, processed through standard paraffinembedding methods, and routinely stained with hematoxylin and eosin. Samples of adjacent tissue were taken for electron microscopy. Samples of stomach, small intestine, large colon, cecum, small colon, and spleen were cut into 3 mm cubes and fixed overnight at 4 C in a mixture of 2.5% paraformaldehyde, 5% glutaraldehyde, and 0.03% trinitrophenol in 0.1 M cacodylate buffer (pH 7.4), and postfixed in 1% OsO, in 1.5% potassium ferrocyanide. After block staining in 1% uranyl acetate in malate buffer (pH 5.2), tissues were dehydrated in a graded series of ethanols and propylene oxide and embedded in Poly/Bed 8 12 (Polysciences, Inc., Wamngton, PA). Thick sections (1 pm) of Epon-embedded large colon of the infected ponies were originally examined under a light microscope. Thin sections (60-90 nm) were cut from the areas which appeared to contain organisms, stained with uranyl acetate and lead citrate, and examined with a JEM 100 CXII electron microscope.
Results

Clinical signs
Of 15 ponies in this study (Table l) , three died and 11 were killed within 4 days of the onset of acute clinical phase of the disease. One pony (6) did not develop clinical disease, but subsequently developed serum antibodies against the causative Ehrlichia sp., and its blood remained infectious for other horses for more than 7 months (unpublished data).
Fever preceded or coincided with the onset of diar- rhea (Table 1) . Depressed demeanor and decreased food consumption also coincided with the onset of diarrhea and were the first clear evidence of clinical disease. The passing of soft feces resembling the consistency of normal bovine feces or liquid diarrhea occurred in 13 of 14 clinically affected ponies. Only nine of the 15 animals developed liquid feces. Details of the leukograms of these and other horses will be reported.' These signs were usually followed by initial decreased intestinal sounds and an increase in the volume and frequency of sounds associated with fluid accumulation. There was also an approximate doubling of the heart rate and respiratory rate. Rapid breathing was frequently abdominal in type in terminal stages. Dehydration followed diarrhea and was evidenced by slowed capillary refill time and delayed retraction in skin-pinch test on the neck. There was no evidence of edema, colic, laminitis, or oral vesicles in these ponies.
Gross findings
The most consistent gross changes were in the large colon and cecum and to a lesser extent in the small intestine ( Table 2) .
The contents of the small intestine were watery or mucoid in most ponies and of a catarrhal nature in one. Gross changes in the wall of the small intestine were absent in four ponies and were confined to small patches of hyperemia 1 to 5 cm in diameter in eight others. Petechiae and ulcers of 1 to 2 mm diameter were.in some areas of hyperemia. Ecchymoses were in the duodenum of one animal (Fig. 1) . Changes in the small intestine were much less severe than those of the cecum and large colon.
The contents of the cecum (a mixture of water and poorly digested hay) were of approximately normal volume, but of very fluid consistency. In some animals the wall of the cecum was grossly normal, while in others there were regions of hyperemia 5 to 10 cm in diameter (Fig. 2) , or small fields of ulcers and petechiae 1 to 2 mm in diameter. There was extensive hyperemia of the wall of the cecum in three ponies (4, 9, and 25) that died in the acute phase.
The contents of the large colon were of approximately normal volume, but very fluid. The contents of both the cecum and large colon were pale brown and had a fetid odor. In ponies that died in the acute phase, the contents were reddish brown. Gross lesions in the large colon resembled those in the cecum and consisted of hyperemic patches (Fig. 3) often with closely juxtaposed ulcers and petechiae. These areas were irregular in distribution and shape and were more common in the right dorsal colon. In half of the ponies, the wall of the cecum and large colon were grossly normal apart from ulcers caused by Strongylus sp. All ponies were parasitized by Gasterophilus sp. in the stomach and by low to moderate numbers of Strongylus sp. in the large intestine.
There was no gross change in the wall of the small colon of twelve ponies, but in two ponies there were irregular areas of hyperemia. In the ponies without diarrhea, the contents in the rectum were of normal consistency, but of an abnormal fluid consistency in the proximal part of the small colon. In ponies with diarrhea the contents were fluid throughout.
Histopathology
Changes seen by light microscopy were consistent with those seen at necropsy and were mostly confined to the cecum and large colon. Similar lesions were occasionally seen in the small intestine. In a control pony unaffected by ehrlichial colitis, the mucous membrane of the large colon and cecum was composed of the normal epithelium with crypts and had an intact layer of surface epithelial cells along the lumen of the organ. A mixed population of inflammatory cells dominated by eosinophils was present in deeper layers of the lamina propria and submucosa of this pony.
Patches of hyperemia were seen by the light microscope as accumulations of erythrocytes in capillaries or within the tissues in the superficial zone of the lamina propria (Fig. 4) . In some locations there was degeneration and coagulation of erythrocytes. Loss of surface epithelium, presence of strands of fibrin on the surface of mucous membranes, and small foci of necrosis sometimes accompanied these changes (Fig. 5) . Debris from epithelial and inflammatory cells was present in small foci in all layers of the mucous membrane including depths of the crypts, but was most In the three ponies that died, superficial mucous membrane was absent, and deeper parts of the mucous membrane were congested.
A mixed population of moderate to large numbers of inflammatory cells was present in the lamina propria and in some cases in the submucosa. The population included eosinophils, plasma cells, lymphocytes, macrophages, mast cells, and neutrophils (all more numerous than in the control pony). There were hyaline changes in segments of the wall of small blood vessels, in the submucosa of the large colon, and there was mineralization of the intima of arterioles. There was also evidence of slight edema around these vessels.
Electron microscopy
Large numbers of ehrlichial organisms were present in the cytoplasm of deep glandular epithelial cells and in mast cells and macrophages in the lamina propria and submucosa of the large colon. They were particularly numerous in macrophages near large blood vessels. Fewer organisms were also found in the macrophages in the small colon and in other organs.
Two morphological forms of the organisms occurred. One was a small electron-dense structure that had undergone binary fission within vacuoles in the cell cytoplasm. The other form was larger, less electrondense, and present as accumulations of organisms surrounded by a closely applied host membrane ( Fig. 6 ). Occasionally both forms were seen in the same vacuole. The organisms were bounded by a thin double membrane with a fuzzy coating on the outer membrane.
Discussion
Ponies exhibited a varied expression of clinical signs during disease and the range was similar to those described previ~usly.~J~ Ponies killed in the acute phase of the disease did not exhibit colic, laminitis, or edema of the limbs as reported in natural field cases.
Gross lesions were confined to the small intestine, cecum, and colon. Three of the 15 ponies did not develop gross lesions, and five others exhibited only minor, localized lesions. The remaining seven ponies had more marked lesions in the mucous membrane of the cecum and large colon with minor localized changes occasionally present in the small intestines. The most consistent change in all ponies was the very fluid nature of the approximately normal volume of the contents of the cecum and large colon, contrasting with the thicker, less fluid consistency of that of the unaffected animal. The redness of the contents of the cecum and large colon of one pony (4) that died in the acute phase was probably caused agonally by blood released from congested autolysed vessels immediately before or after death. Gross changes in the wall of the cecum and large colon were marked in some ponies, but distribution was variable. Hyperemia and petechiae, when present, were useful indicators of the disease, but their absence did not exclude the diagnosis.
Dehydration, seen in all ponies, indicated there had been interference with fluid absorption across the surface of the mucosa of the cecum and large colon independent of the presence of gross lesions in the mucous membrane. Light microscopy revealed an increase in the erythrocyte concentration in the superficial part of the lamina propria within capillaries and in the tissue, thus indicating necrosis of the capillary that resulted in petechiae and ecchymoses. This was followed by sloughing of the surface epithelium of the mucous membrane, focal necrosis of the glandular and crypt epithelium in the lamina propria at all levels, and a small amount of fibrinous exudate on the luminal surface.
Pathologic changes, together with the presence of ehrlichial organisms seen by electron microscopy in epithelial cells, mast cells, and macrophages in the lamina propria, suggest a general interference by the organism with epithelial cell function in the large colon and cecum, and/or indirectly through the perturbations of infected macrophages and mast cells in these organs. Tests made on feces have failed to show evidence of clostridial toxins2 (R. J. Carman, personal communication).
Since no ehrlichial organisms were found in the stomach wall, gastric hyperemia, erosion, and ulcera-tion were considered to be not directly related to the ehrlichial infection. They are common incidental findings in horses. While lesions occurred elsewhere, they were interpreted as being of minor incidental nature and not directly related to the ehrlichial infection.
Hyaline changes in segments of the wall of small blood vessels in the submucosa of the large colon and changes in the intima of arterioles were attributed to the effects of parasites, mostly Strongylus sp. There was evidence of slight edema around these vessels in horses with ehrlichial enterocolitis. Eosinophils and lymphocytes were attributed to infestation by parasites.
To determine precisely which tissue changes may be attributed to the ehrlichial organism and which were due to helminth parasites and other agents would require the use of recipient animals raised specific pathogen-free, and that has obvious practical difficulties.
Ehrlichial enterocolitis is apparently a different disease from equine ehrlichio~is.~ The latter syndrome has not been reported with signs of diarrhea or intestinal involvement. The edema of the lower parts of the limbs and ventral abdomen may occur in horses with either disease. While edema was not seen in the 15 animals of this report, mild edema has been observed in the ventral abdominal areal4 of other animals with ehrlichial enterocolitis (unpublished data). We did not see petechiae or ecchymoses in the subcutaneous tissues as reported in equine ehrlichiosis, nor were our ponies jaundiced. Changes reported in blood vessels in equine ehrlichiosis3 were not interpreted as part of the acute clinical phase of the disease in ehrlichial colitis of the horse.
Horses with Potomac horse fever develop serum antibodies against the causative Ehrlichia and can be assayed by an indirect fluorescent antibody (IFA) testloJ1 It has been shown that this organism is closely related to E. sen nets^,^ but it appears to be serologically distinct from E. equi, the agent of equine ehrlichi o~i s .~,~
